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(57) ABSTRACT

An apparatus and method of harvesting power for charging
batteries of a robot traversing an overhead transmission con-
ductor is disclosed. The apparatus is adapted to harvest power
from the overhead transmission conductor and provide a DC
voltage for charging a battery and includes a first shield wire
bonded to a structure that is grounded to the earth, a second
shield wire isolated from the structure, and a charging station.
The first shield wire, second shield wire, structure, and earth
form a loop into which induced currents flow. The charging
station is electrically connected to the second shield wire and
adapted to convert induced currents flowing along the second
shield wire into a DC voltage for charging a battery of the
charging station.
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1
APPARATUS AND METHOD FOR
HARVESTING POWER FROM AN
OVERHEAD TRANSMISSION CONDUCTOR

BACKGROUND OF THE INVENTION

The present invention relates generally to an apparatus and
method of harvesting power from an overhead power trans-
mission conductor and, more particularly, to an apparatus and
method of harvesting power for charging batteries of a robot
traversing the overhead transmission conductor.

Robots, such as the one shown in FIG. 1, have been devel-
oped to provide inspections of overhead transmission lines.
These inspections may be performed by the robots while
moving along a shield wire. In the case of autonomous robots,
the robots, generally, are powered by internal batteries which
need to be charged regularly. Several options have been pro-
posed for charging these batteries. For example, solar panels
on the robots to collect energy from the sun, using currents
flowing in the shield wire to charge the batteries (this can be
implemented with the robot touching a structure when the
shield wire is isolated), and attaching the robots to charging
stations that are powered by 110V/220V or solar panels or
shield wire induction.

All of these options have their own challenges, and often it
has been found that using a charging station provides the best
method for charging the batteries. However, the challenge
with using charging stations is that the robot can only charge
itself at the station themselves, i.e., predetermined locations.
As aresult, the robot is left searching for a charging station or
users are required to put charging stations at a large number of
locations. Neither of which is ideal.

BRIEF SUMMARY OF THE INVENTION

Accordingly, there is a need for an apparatus and method
that overcomes the above limitations of battery charging by
allowing the robot to charge itself at any structure using
power from a charging station even if the structure itself does
not have a charging station installed.

According to one aspect of the invention, an apparatus
adapted to harvest power from an overhead transmission con-
ductor and provide a DC voltage for charging a battery
includes a first shield wire bonded to a structure that is
grounded to the earth, a second shield wire isolated from the
structure, and a charging station. The first shield wire, second
shield wire, structure, and earth form a loop into which
induced currents flow. The charging station is electrically
connected to the second shield wire and adapted to convert
induced currents flowing along the second shield wire into a
DC voltage for charging a battery of the charging station.

According to another aspect of the invention, a method of
harvesting power from an overhead transmission conductor
includes the steps of providing an apparatus adapted to har-
vest power from the overhead transmission conductor having
a first shield wire bonded to a grounded structure, a second
shield wire isolated from the structure, and a charging station
electrically connected to the second shield wire. The method
further includes the steps of forming an induced current loop
using the first shield wire, second shield wire, grounded struc-
ture, and earth to allow induced currents created by a mag-
netic field to flow therein, and using the charging station to
convert the induced currents flowing through the second
shield wire into a DC voltage for charging a battery of the
charging station.

According to a further aspect of the invention, a method of
harvesting power from an overhead transmission conductor
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and using the harvested power to charge a battery of an
inspection device includes the steps of providing an apparatus
adapted to harvest power from the overhead transmission
conductor having a first shield wire bonded to a plurality of
grounded structures, a second shield wire isolated from the
structures, and a charging station electrically connected to the
second shield wire. The method further includes the steps of
forming an induced current loop using the first shield wire,
second shield wire, grounded structures, and earth to allow
induced currents created by a magnetic field to flow therein,
using the charging station to convert the induced currents
flowing through the second shield wire into a DC voltage for
charging a battery of the charging station, and using the
battery of the charging station to energize the second shield
wire with a DC voltage for charging the battery of the inspec-
tion device.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter that is regarded as the invention may be
best understood by reference to the following description
taken in conjunction with the accompanying drawing figures
in which:

FIG. 1 illustrates an autonomous robot for traversing and
inspecting overhead transmission conductors;

FIG. 2 shows an apparatus and method for harvesting
power using inductive coupling from an overhead transmis-
sion conductor according to an embodiment of the invention;

FIG. 3 is an inductive coupling diagram for harvesting
power in accordance with FIG. 2;

FIG. 4 is the inductive coupling diagram FIG. 3 with a
charging station positioned in a different location;

FIG. 5 is the inductive coupling diagram of FIG. 3 with the
charging station positioned in yet another location; and

FIG. 6 shows an apparatus and method for harvesting
power using capacitive coupling from an overhead transmis-
sion conductor according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, an exemplary apparatus and
method of harvesting power from an overhead transmission
conductor according to an embodiment of the invention is
illustrated in FIGS. 2 and 3 and shown generally at reference
numeral 10.

In general, aloop into which currents are induced (IC) from
a magnetic field setup by current flowing in phase conductors
20 is formed by shield wire 11, isolated shield wire 12, struc-
tures 13, and capacitors 17. As shown, the induced current
flows up and down the structures 13, through the earth, and
along the shield wires. As illustrated by the weighted arrows
along structures 13, an unequal current in the loops results in
a net structural current.

More particularly, the transmission line will have two or
more shield wires 11 and 12 attached as per normal construc-
tion. One of the shield wires 11 is bonded to each structure 13.
Shield wire 11 and the structures 13 will be called “ground”
since each structure 13 is connected to the earth using a
ground electrode 16. The other shield wire 12 is electrically
isolated from the structures 13.

A charging station 18 is placed at one location along the
transmission line and is adapted to convert the induced cur-
rents into DC voltage which is used to energize the wire 12 for
charging of arobot’s batteries. At this location the shield wire
12 is electrically bonded to the structure 13 using a distribu-
tion class capacitor 17. As illustrated, the shield wire 12 is
electrically bonded to a first terminal of capacitor 17 and a
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second terminal of the capacitor 17 is electrically bonded to
the structure 13. At a significant distance away (normally
multiple structures), the shield wire 12 is also bonded to a
structure 13 using another distribution class capacitor 17
(multiple bonding points using a distribution class capacitor
may be used along the wire 12, for example, every 14 spans).
The distance between capacitors 17 is chosen to provide
enough current for the charge station to keep its battery
charged without creating electronics protection issues.

At the end of a “charging section” or “robot section” of
wire 12, the wire 12 is terminated at a capacitor 17 with no
jumper, as illustrated in FIG. 3, to effectively insulate the
shield wire 12 for DC voltages and current. The size of the
capacitor 17 is chosen to compensate for ground wire loop
resulting in higher currents. For the in-between structures 13,
the shield wire 12 is isolated from the structures using the
insulators like insulator 14.

The grounded shield wire 11, end structures 13, isolated
shield wire 12, and the end capacitors 17 form a loop into
which currents are induced from the magnetic field setup by
the currents flowing in phase conductors 20. The current
flows through the capacitors 17 since they are of relatively
low impedance at 60 Hz. The current in the shield wire 12 or
the current flowing through the capacitor 17 leads is used to
charge batteries 22 in the charging station 18. The DC voltage
from batteries 22 are then used to energize the wire 12 with
DC voltage, resulting in the shield wire 12 having an AC
voltage with a DC offset. It is this DC offset that is used to
charge a battery 27 of robot 32.

A Current Transformer (CT) 21 together with power elec-
tronics 23 is one implementation of getting the power from
the current flowing in the shield wire 12 into the battery 22. As
illustrated, the CT 21 taps into or is electrically connected to
the shield wire 12. It should be appreciated that the capacitors
17 are open circuits to direct current (DC). A first terminal 24
of the battery 22 is bonded to the structure-ground 13, which
in turn is bonded to the grounded shield wire 11 and hence all
the other structures along the transmission line.

A 60 HZ blocking filter 26 is positioned between the charg-
ing station battery 22 at the structure 13 to prevent 60 Hz
currents flowing. A diode 31 is also positioned between the
filter 26 and battery 22 to prevent charging of one charging
station 18 from another charging station 18 when multiple
charging stations are on the wire 12. A second terminal 25 of
the battery is bonded to the isolated shield wire 12. Thus, if the
robot 32 bonds itself'to any structure along the shield wire 12
it has access to both terminals 24 and 25 of the charging
station battery 22 so that it can charge its internal battery 27.

The robot 32 includes a 60 Hz blocking filter 28 is posi-
tioned between the robot’s 32 battery 27 at the structure 13 to
prevent 60 Hz currents flowing and a DC converter 30 posi-
tioned between the 60 Hz filter 28 and the battery 27. The
converter 30 converts the DC charging voltage at the robot
from the charging station 18 to a necessary robot battery
charging voltage. The DC charging voltage at the robot is less
than the charging station DC voltage due to losses when the
robot battery is being charged and drawing DC current. Pro-
tection including arrestors and spark-gaps are used to prevent
damage to the batteries 22 and 27, capacitors 17 and power
electronics 23 under lightning and fault conditions.

In the case of multiple charging stations 18 along wire 12,
the distance between charging stations 18 is chosen to provide
enough voltage at the robot at the desired charging current.
This distance depends on the charging station battery voltage
and capacity, the shield wire 12 and robot contact resistances,
and the robot’s DC power converter operating range.
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Referring to FIGS. 4 and 5, the charging station 18 may
also be positioned at different locations along the shield wire
12. For example, the charging station 18 may be positioned
prior to the capacitor 17, FIG. 4, or the charging station 18
may be positioned between the capacitor 17 and the structure
13. It should also be appreciated that the charging station does
not have to be next to one of the capacitors 17 on wire 12.

As shown generally at 100 in FIG. 6, power harvesting may
also be done using capacitive coupling. In this instance,
capacitors 117 are used to interconnect an overhead ground
wire 111 to phase conductors 120 and to interconnect the
phase conductors 120 with the structures 113.

The foregoing has described an apparatus and method for
harvesting power from an overhead power transmission con-
ductor. While specific embodiments of the present invention
have been described, it will be apparent to those skilled in the
art that various modifications thereto can be made without
departing from the spirit and scope of the invention. Accord-
ingly, the foregoing description of the preferred embodiment
of'the invention and the best mode for practicing the invention
are provided for the purpose of illustration only and not for
the purpose of limitation.

We claim:

1. An apparatus adapted to harvest power from an overhead
transmission conductor that is supported by a plurality of
spaced-apart structures that are grounded to the earth, and to
provide a DC voltage for charging a battery, comprising:

(a) a first shield wire extending between and electrically

bonded to the structures;

(b) a second shield wire extending between and electrically
isolated from the structures, wherein the first shield
wire, second shield wire, structure, and earth form a loop
into which induced currents flow in response to AC
current flowing in the overhead transmission conductor;
and

(c) a charging station electrically connected to the second
shield wire and adapted to convert induced currents
flowing along the second shield wire into a DC voltage
for charging a battery of the charging station.

2. The apparatus according to claim 1, wherein the second
shield wire is terminated at opposing ends by a capacitor to
create an insulated charging section.

3. The apparatus according to claim 1, wherein the battery
of'the charging station includes a first terminal bonded to the
structure and a second terminal of the battery bonded to the
second shield wire.

4. The apparatus according to claim 3, wherein the charg-
ing station includes:

(a) a 60 Hz blocking filter positioned between the battery
and the structure to prevent 60 Hz currents from flowing
into the battery of the charging station; and

(b) a current transformer and associated power electronics
to electrically connect the charging station to the second
shield wire and extract the induced currents flowing
through the second shield wire and charge the battery.

5. The apparatus according to claim 2, wherein the charg-
ing station is used to charge batteries of an inspection device
positioned along the charging section of the second shield
wire.

6. The apparatus according to claim 5, wherein the battery
of the charging station energizes the charging section of the
second shield wire with a DC voltage, thereby creating a DC
offset along the charging section for use in charging batteries
of the inspection device.

7. The apparatus according to claim 4, wherein the charg-
ing station further includes a diode positioned between the
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battery and the 60 Hz blocking filter to prevent the charging
station from charging another charging station positioned on
the second shield wire.

8. A method of harvesting power from an overhead trans-
mission conductor that is supported by a plurality of spaced-
apart structures that are grounded to the earth, comprising the
steps of:

(a) providing an apparatus adapted to harvest power from

the overhead transmission conductor, having:

(1) a first shield wire extending between and electrically
bonded to the structures;

(ii) a second shield wire extending between and electri-
cally isolated from the structures; and

(iii) a charging station electrically connected to the sec-
ond shield wire;

(b) forming an induced current loop using the first shield
wire, second shield wire, grounded structure, and earth
to allow induced currents created by a magnetic field
generated by AC current flowing in the overhead trans-
mission conductor to flow therein; and

(c) using the charging station to convert the induced cur-
rents flowing through the second shield wire into a DC
voltage for charging a battery of the charging station.

9. The method according to claim 8, wherein the apparatus
further includes capacitors positioned at opposing ends of the
second shield wire to create an insulated charging section.

10. The method according to claim 8, further including the
step of electrically connecting a first terminal of the battery to
the structure and a second terminal of the battery to the second
shield wire.

11. A method of harvesting power from an overhead trans-
mission conductor that is supported by a plurality of spaced-
apart structures that are grounded to the earth, and using the
harvested power to charge a battery of an inspection device,
comprising the steps of:

(a) providing an apparatus adapted to harvest power from

the overhead transmission conductor, having:
(1) a first shield wire extending between and electrically
bonded to the structures;
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(ii) a second shield wire extending between and electri-
cally isolated from the structures; and

(iii) a charging station electrically connected to the sec-
ond shield wire;

(b) forming an induced current loop using the first shield
wire, second shield wire, grounded structures, and earth
to allow induced currents created by a magnetic field
generated by AC current flowing in the overhead trans-
mission conductor to flow therein;

(c) using the charging station to convert the induced cur-
rents flowing through the second shield wire into a DC
voltage for charging a battery of the charging station;
and

(d) using the battery of the charging station to energize the
second shield wire with a DC voltage for charging the
battery of the inspection device.

12. The method according to claim 11, wherein the inspec-

tion device is a robot positioned on the second shield wire.

13. The method according to claim 11, further including
the step of electrically connecting a first terminal of the bat-
tery of the charging station to a first one of the structures and
a second terminal of the battery of the charging station to the
second shield wire.

14. The method according to claim 11, further including
the step of electrically connecting a first terminal of the bat-
tery of the inspection device to a second one of the structures
and a second terminal of the battery of the inspection device
to the second shield wire.

15. The method according to claim 11, wherein the inspec-
tion device further includes a DC converter to convert the DC
voltage on the second shield wire at the inspection device to
a pre-determined charging voltage for charging the battery of
the inspection device.

16. The method according to claim 11, wherein the appa-
ratus further includes capacitors positioned at opposing ends
of the second shield wire to create an insulated charging
section, and wherein the inspection device is positioned on
the second shield wire within the charging section.
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